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Abstract: A real-time application (RTA) is an application program that functions within a time frame also called realtime computing (RTC). A real-time clock/calendar is an essential part of many computer data acquisition and control
systems. The things that need to be done in specific time with accuracy can be controlled by a embedded system. Such
system provides accuracy in microsecond or Pico second. Such system uses high speed microcontroller (On chip CPU,
RAM, ROM, oscillator, Timers etc.). This paper presents designing of automatic controlling circuit for PC based data
acquisition for extended-Compound Astronomical Low-cost Low-frequency Instrument for Spectroscopy and
Transportable Observatory (e-CALLISTO) to operate in specific time period. Microcontroller P89v51RD2 is interfaced
using I2C Protocol with Dallas real-time clock/calendar (RTC) DS1307. The interfacing circuit diagram, PCB layout,
flow-chart, C program, and use of it for controlling the PC to acquire the e-CALLISTO data are described. The main
advantages of a real-time clock are that it keeps track of true time independent of software execution speeds, save
electricity and requirement of memory storage.
Keywords: Embedded system, Microcontroller, RTC, I2C protocol, Data acquisition system, Computer, CALLISTO.
I. INTRODUCTION
There is high impact of solar activity particularly solar
flares and coronal mass ejections (CMEs) on earth. It was
proven that the earth weather has high impact of solar
activity [1]. The solar activities are monitored by different
ground new radio spectrometer. Now a day, a worldwide
network extended-Compound Astronomical Low-cost
Low-frequency Instrument for Spectroscopy and
Transportable Observatory (e-CALLISTO) is keeping
watch on different solar activities. CALLISTO network
collects data located in many countries and data is made
available worldwide. For full coverage of the solar radio
emission, the number of stations is being connected to
Callisto network using a public web interface [2].
The CALLISTO is a programmable heterodyne receiver
built at ETH Zurich, Switzerland. Mainly used in
applications such as observation of solar radio bursts and
monitoring of RFI for astronomical science and education.
The instrument operates in frequency range 45MHz and
870 MHz using a modern, commercially available
broadband cable-TV tuner (CD1316) of a frequency
resolution 62.5 KHz. The Flexible and Interoperable Data
Transfer (FIT) files are generated up to 400 frequencies
per sweep by CALLISTO that contains data and are
transferred via a serial cable to a computer and saved
locally. Its time resolution is 0.25 sec at 200 channels per
spectrum (800 pixels per second) [3]. The RS232
connector provides connectivity to PC using serial
interface RS232 protocol.
Large memory capacity storage is required to store
CALLISTO data. Therefore, data acquisition in PC is to be
controlled as per the need for specified time. A real-time
application (RTA) is an application program that functions
within a time frame that the user senses as immediate.
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Whether or not a given application qualifies as RTA
depends on the worst-case execution time (WCET), the
maximum length of time a defined task or set of tasks
requires on a given hardware platform. The use of RTAs is
called real-time computing (RTC). Examples of RTAs
include Video conference applications, voice over Internet
Protocol, Online gaming, some e-commerce transactions,
Chatting, instant messaging etc.
Automatic PC data acquisition On/Off for CALLISTO
using microcontroller P89v51RD2 and real time clock
(RTC) DS1307 monitors the states of PC and decides to
start or stop depending on the operation need. The design
gives the brief idea of interfacing of RTC to
microcontroller using I2C protocol which works in masterslave configuration and keep watch on Personnel
Computer (PC) by receiving status signals from PC. The
circuit is designed using Philips microcontroller, a LCD of
16 character and 2 lines, a RTC DS1307 and a relay to
interface PC [4, 5].
Power supply of 5v DC is used to operate circuit
continuously. The automatic PC starter monitors the
computer signal continuously. Checking the PC signal, PC
on/off state is detected. Depending on the specified user
time interval, PC is switched On/Off. In this, the PC on/off
switch was controlled. The circuit is programmed using
embedded „C‟ language.
Once the PC is booted, then CALLISTO program is
executed. All devices connected to circuit is monitored
and controlled by P89v51RD2 microcontroller. The
program developed for microcontroller provides great
flexibility for easily modifying it for any desired time
on/off operation. The block diagram is shown in Fig. 1.
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automatically adjusted for months with fewer than 31
days, including corrections for leap year. The clock
operates in either the 24-hour or 12-hour format with
AM/PM indicator. The RTC has a built-in power sense
circuit that detects power failures and automatically
switches to the battery supply. The DS1307 is an 8 pin
device using an I2C interface [9]. It has 8 read/write
registers that store the information is shown in Figure 3.
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Fig.1. Block diagram of automatic PC DAS on/off system
e-CALLISTO was installed at KTHM college, Nashik,
Maharashtra (India). The locations details are as follows:
Latitude 20.00, Longitude 73.78 and Altitude 576 meter.
CALLISTO log periodic dipole antenna (LPDA) installed
is shown in Figure 2 [6, 7].

Fig. 3. RTC & RAM Memory Map
The RTC registers are located in address locations 00h to
07h. The RAM registers are located in address locations
08h to 3Fh. During a multi-byte access, when the address
pointer reaches 3Fh, the end of RAM space, it wraps
around to location 00h, the beginning of the clock space.
Control Register
BIT
7
OUT

Fig2. LPDA installed on terrace of the building.
The microcontroller circuit is being used to control
computer that monitor the operation of e-CALLISTO and
it was controlled for day time only. Circuit takes care of
PC to start at desired time and also shutdown at specific
time. Presently, C program was written to start the PC at
9am and it shut down at 4pm. These timing can be
changed according to the need of application.
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OUT (Output control):
This bit controls the output level of the square
wave/Output drive (SQW/OUT) pin when the square wave
output is disabled. If SQWE = 0, the logic level on the
SQW/OUT pin is 1 if OUT = 1 and is 0 if OUT = 0.
SQWE (Square Wave Enable):
This bit, when set to logic 1, will enable the oscillator
output. The frequency of the square wave output depends
upon the value of the RS0 and RS1 bits. With the square
wave output set to 1Hz, the clock registers update on the
falling edge of the square wave.

RS (Rate Select):
These bits control the frequency of the square wave output
The details of RTC DS1307, its control registers and I2C when the square wave output has been enabled. Table 1
shows the square wave frequencies that can be selected
protocol details are as follows.
RTC: RTCs are present in almost every electronic device with the RS bits [10, 11].
which needs to keep accurate time such as the devices
Table1. RS bit control and corresponding SQW output
personal computers, servers and embedded systems etc.
frequency
The DS1307 is used to keep date, time day etc. The
DS1307 Serial Real-Time Clock is a low-power, full
RS0
RS1
SQW Output Frequency
binary-coded decimal (BCD) clock/calendar. It has 56
0
0
1Hz
bytes of NV SRAM. Address and data are transferred
0
1
4.096KHz
serially via a 2-wire, bi-directional bus. The clock/calendar
1
0
8.192KHz
provides seconds, minutes, hours, day, date, month, and
1
1
32.768KHz
year information [8]. The end of the month date is
II. EXPERIMENTAL

Copyright to IJIREEICE

DOI 10.17148/IJIREEICE.2016.4582

339

ISSN (Online) 2321 – 2004
ISSN (Print) 2321 – 5526

IJIREEICE

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN ELECTRICAL, ELECTRONICS, INSTRUMENTATION AND CONTROL ENGINEERING
Vol. 4, Issue 5, May 2016

I2C Protocol
Philips provided a simple way to talk between IC‟s by
using a minimum number of pins. It becomes a recognized
standard throughout the industry. Any device with the
ability to initiate messages is called a „Master‟. It might
know exactly what other chips are connected, in which
case it simply addresses the one it wants, or there might be
optional chips and it then checks what‟s there by sending
each address and seeing whether it gets any
response/acknowledge.
Only two chips are involved in any one communication the Master that initiates the signals and the one Slave that
responded when addressed. I2C is a serial data bus
protocol that allows multiple devices to connect each
other. The I2C bus uses only 2 bidirectional data lines for
communicating with the microcontroller one for the serial
data called serial data (SDA) and the other for synchronize
clock called serial clock (SCL). The protocol uses master
and slave method. The master is the microcontroller while
the slave is I2C device such as Real Time Clock DS1307
[12].
Microcontroller, LCD, PCB, and Component layout
A Philips 89v51RD2 microcontroller is used for
controlling purpose. It has 64 KB Flash memory and 1024
bytes of data RAM [13]. The Flash program memory
supports both parallel programming and in serial InSystem Programming (ISP) [14]. ISP programming mode
is easy to program serially without using any extra
hardware. A 16x2 LCD is used to display date, time and
PC status [15].

Fig.5 PCB Layout of microcontroller and RTC

Fig.6 PCB Layout of microcontroller and RTC

III. FLOW CHART
Figure 4 gives the interfacing of microcontroller P89vRD2
and RTC DS1307. Microcontroller P2.0 and P2.1 pins are The flow chart of automatic PC data acquisition On/Off
used for SDA and SCL of DS1307. PC is monitored using for CALLISTO Using Microcontroller and RTC is shown
the controller pin P3.4. Microcontroller P0 port used for in Figure 7.
data lines and control pins are used of P2 port.
Start
Initialise the
devices
Display text on LCD
Check date and time

Display Date and Time on LCD

Check status of PC
Fig.4. Interfacing diagram of microcontroller, RTC, PC
and LCD

Stop
PCB layout of microcontroller and RTC is shown in
Figure 5. Figure 6 shows the component layout.
Fig.7. Flow-chart of automatic PC data acquisition On/Off
Copyright to IJIREEICE

DOI 10.17148/IJIREEICE.2016.4582

340

IJIREEICE

ISSN (Online) 2321 – 2004
ISSN (Print) 2321 – 5526

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN ELECTRICAL, ELECTRONICS, INSTRUMENTATION AND CONTROL ENGINEERING
Vol. 4, Issue 5, May 2016

The detail flowchart of RTC is shown in Figure 8.
Start

void Status( unsigned char* dateArray )
{
if(dateArray[3]==0)
{
// Set initial time
Set_DS1307_RTC_Time(AM_Time, 7, 00, 00);
// Set time 07:00:00 AM
// Set initial date
Set_DS1307_RTC_Date(29, 1, 16, Tuesday);
// Tue 29-01-2016
}
}

Check status of PC

AM

Yes

Is time
=9am and
PC on?

Is AM
Time/ PM
Time?
PM

Is time
=4pm and
PC off?

// Display RTC time on first line of LCD
DisplayTimeToLCD(Get_DS1307_RTC_Time());
// Display RTC date on second line of LCD
DisplayDateOnLCD(Get_DS1307_RTC_Date());
}
}

Yes

void PC_Status(unsigned char* timeArray)
{
switch(timeArray[3])
Start PC, display status on
{
LCD
No
case AM_Time:
if(timeArray [2]>=0x09)
Shutdown PC, display
{
status on LCD
if (PcOnFlag==0)
{
sw=0;
WriteCommandToLCD(0x01);
WriteCommandToLCD(0x84);
WriteStringToLCD("Computer ");
Stop
WriteCommandToLCD(0xC4);
WriteStringToLCD("Started");
Fig.8. Flow-chart of detail steps of PC and real time clock
delay(400);
sw=1;
IV. C LANGUAGE PROGRAM
WriteCommandToLCD(0x01);
return;
#include "DS1307.h"
}
#include "I2C.h"
return;
#include "LCD.h"
}
sbit sw = P3^3;
break;
sbit PcOnFlag= P3^4;
void Status( unsigned char*);
case PM_Time: if(timeArray [2]==0x04)
void PC_Status(unsigned char*);
{
// Main function
if (timeArray [1]==30)
void main()
{
{
if(PcOnFlag==1)
InitLCD();
// Initialize LCD
{
InitI2C();
// Initialize i2c pins
sw=0;
PcOnFlag=1;
WriteCommandToLCD(0x01);
WriteCommandToLCD(0x84);
WriteCommandToLCD(0x83);
WriteStringToLCD("Computer ");
WriteStringToLCD("Windows is");
WriteCommandToLCD(0xC2);
WriteCommandToLCD(0xC2);
WriteStringToLCD("Auto Starter ");
WriteStringToLCD(" Shutting down");
delay(400);
delay(400);
Status(Get_DS1307_RTC_Date());
sw=1;
WriteCommandToLCD(0x01);
WriteCommandToLCD(0x01);
while(1)
return;
{
}
PC_Status(Get_DS1307_RTC_Time());
No
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return;

LCD display shows the time 10:19:12 AM, Date
08/05/2016 and day Sunday. At 4PM PC will
automatically shut down and next day it will automatically
starts the CALLISTO program at 9am.

}
return;
}
break;
default: break;
}
}

VI. CONCLUSION

The automatic controlling circuit for PC based data
acquisition for extended-Compound Astronomical LowV. RESULT
cost Low-frequency Instrument for Spectroscopy and
Transportable Observatory (e-CALLISTO) to operate 9am
The photograph of the working system is shown in Figure to 4pm was developed and implemented. It is working
9.
successfully. It includes Philips microcontroller
P89V51RD2 which is programmed and using I2C Protocol
with Dallas real-time clock/calendar (RTC) IC 1307 in
such a way so as to maintain real timing and same is
displayed on 16X2 LCD.
Presently the system monitors and controls the
CALLISTO data acquisition. Using the same system or
slight modifications, user can monitor and control
different application software or appliances. The main
advantage of a real-time clock is that it keeps track of true
time independent of software execution speeds. Such type
of system will reduce the unnecessary working of the
system. This will ultimately save the electricity and
memory storage.
Fig. 9. Data acquisition system with control circuit and
CALLISTO
It includes the PC, controller circuit and CALLISTO. PC
monitor screen shows the real time data acquisition of
solar radiations using CALLISTO. Using Keil uVision
software, C language program was developed and using
ISP it was burned in microcontroller. The program was
written to control a day data acquisition of CALLISTO
from 9am to 4pm. The information displayed on control
circuit of date, time AM/PM is shown in Figure 10.
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